A simple, high yield, two-step synthesis yields a porphyrin dimer linked by a flexible dithiol tether that preferentially binds fullerene C 70 over C 60 in toluene solution. The complex forms stable aggregates when cast on glass.
photonic properties of the p-type porphyrins couple well with the electronic properties of the n-type fullerenes to form nearly ideal donor-acceptor systems.
Covalently linked porphyrin/fullerene donor-acceptor systems have also served as model systems for the study of electron 20 transfer for over 20 years. 2 Many groups have synthesized covalently linked porphyrin/fullerene systems with diverse architectures that demonstrated functionalities that can be potentially used in the development of optoelectronic devices. [3] [4] [5] [6] [7] [8] [9] [10] In general, as the architectural complexity and added functional 25 entities of the donor-acceptor target increases, the synthetic yield decreases. Rigorously synthesized and carefully designed systems with rigid tethers are examples. 11, 12 High yield coupling and click-type reactions provide access to some porphyrin/fullerene systems with better yields. 13 Supramolecular approaches can 30 mitigate synthetic complications, but one drawback of molecular designs with covalent, coordination, 14 hydrogen bonding, 15 and electrostatic 16 tethers is that derivatives of fullerenes are usually not as good acceptor motifs as the parent fullerene. 17 Supramolecular approaches to porphyrin systems that bind the 35 underivatized fullerene can result in materials with similar or better photonic functionalities. [18] [19] [20] [21] [22] [23] Synthesis of the fullerene hosts range from simple to complex, but the former have greater commercial potential. The porphyrin dimer described in this investigation is synthesized by a simple two-step procedure in 40 high yield (Scheme 1).
The free base (1H) and Zinc(II) (1Zn) dimers are designed with a flexible , -dithiol alkane linker to allow for an inducedfit, sandwich type binding of fullerenes such as C 60 , C 70 (Fig. 1) , and single wall carbon nanotubes. The inclusion of the 45 perfluorophenyl linker allows for easy dimerization by simple click-type substitution reactions with thioalkanes and may help Scheme 1. i: reflux in propionic acid, separate isomers; ii: metalation with Zn(OAc)2 in CHCl3/CH3OH followed by addition of pentane-1,5-dithiol in DMF. † Fig. 1 . MM2 calculated structure of 1H and C70 where grey=C, blue=N, yellow=F, and orange=S, and H are left out for clarity.
promote interaction with the conjugated pi system of the chosen fullerene molecule. 24 The modular design allows the length of the linker to be easily varied by substituting the pentane dithiol with any of the numerous commercially available dithioalkanes.
In toluene, the 1H and 1Zn dimers complex fullerene C 70 5 greater than 10-fold better than C 60 (Table 1) . UV-visible and fluorescence titrations of the fullerenes into solutions of the dimers reveal systematic red shifts in the former and quenching in the latter. Values for K in Table 1 were calculated from the slope of Stern-Volmer plots (e.g. fluorescence data in Fig. 2 , which is competitive with much more synthetically demanding molecules. 15 The UV-visible absorption spectra (Fig. S1-S6 ) of both 1H and 1Zn show a small but real ground state interaction with C 70 indicated by a decrease and slight redshift of the Soret peak. This is illustrated in the insets to Fig. S1-S6 , which plot the difference between the predicted and observed absorbance of the combined 20 solutions as a function of fullerene concentration. For the monomeric compounds and the titration of C 60 for the dimer, no such effect is observed.
Steady state fluorescence measurements demonstrate fullerene quenching of the porphyrin excited state (Fig. 1, S7, S8 ). Stern- 25 Volmer plots (Fig. S9) show greater quenching by C 70 than by C 60 for all species studied. The porphyrin fluorescence lifetimes measured by time correlated single photon counting experiments show virtually no change (9 ns for 1H and 2 ns for 1Zn in toluene excited at 425 nm), and a static quenching mechanism is 30 indicated. Assuming there is no significant difference in the nature of energy transfer from the various fluorophore species, and expecting that complexation behaviour is driven by van der Waals forces with small contributions from electrostatics and coordinate bonding, we conclude that the greater quenching 35 observed in the case of the C 70 can be attributed to a stronger interaction due to the larger, flatter surface in the equatorial region of the fullerene molecule. 25 We have done these studies in toluene to compare to published data, but solvation of both the dimer and the fullerenes diminish the intermolecular interactions, 40 and more polar solvents may enhance complexation.
26
To study the system in the solid state, films were prepared on ozone cleaned glass by drop casting from toluene solutions of fullerene, fullerene and 1H, fullerene plus 1Zn, or pure 1. The resulting films were examined by atomic force microscopy 45 (AFM), and transmission electron microscopy (TEM). Solutions of 1 and C 70 form 3-5 nm films of the supramolecular material when cast on clean glass surfaces (Fig. 3) . A few islands of larger aggregates of the materials are also observed. Monomeric porphyrins form simple aggregates on the glass surface. Pure 0.5 50 mM C 70 solutions cast on the glass form large nanoaggregates, while solutions of pure C 60 form long narrow rods. Lower concentrations form sparse films. When combined with 1, the dimensions of the C 60 aggregates remain constant but are more uniformly dispersed aggregates. The self-organized films 55 demonstrate the increased affinity of 1 to C 70 but the architecture of the molecules in the films may be different than in solution. TEM studies of the films show similar morphologies and the energy dispersive x-ray microanalysis clearly shows the Zn in films of 1Zn:C 70 Carbon nanotubes share many of the interesting properties of 65 fullerenes and have also been extensively used in porphyrin based D/A systems. [27] [28] [29] When THF solutions of 1 were incubated with large excess of single walled carbon nanotubes (SWCNT), sonicated for 10 minutes and centrifuged at 8,000 RPM for 10 minutes. UV-visible spectra show small red shifts in the dimer. 70 The supernatant demonstrated similar fluorescence quenching and UV spectral changes to the experiments with the fullerene C 70 , indicating that the dimer interacts favourably with the larger SWCNT. TEM S13
Possible supramolecular architectures S16
Scheme S1. The structure of the three dimers discussed in Table 1 .
Materials and Methods.
1 H and 13 C NMR spectra were recorded in a Bruker Avance 500 MHz spectrometer. Electrospray ionization mass spectrometric analyses were performed at the CUNY Mass Spectrometry Facility at Hunter College using an Agilent Technologies HP-1100 LCMSD instrument. MALDI-MS spectra were recorded as a service by the University of Illinois with a Bruker UltrafleXtreme MALDI TOF mass spectrometer purchased in part with a grant from the National Center for Research Resources, National Institutes of Health (S10 RR027109 A). All reagents were obtained from commercial sources and used without further purification. Atomic force microscopy (AFM) measurements were conducted with an Asylum AFM (MFP-3D, Asylum Research Corp.) Transmission electron microscopy uses a Jeol 200kV instrument. Calculations were done on ChemOffice Chem 3D (2011) software using MM2 by cycling through molecular dynamics and minimizing the energy.
5,10,15-triphenyl-20-(2,3,4,5,6-pentafluorophenyl)porphyrin (MPF).
To a mixture of propionic acid (0.6 L) and nitrobenzene (6 mL) was added benzaldehyde (21.34 mmol, 2.17 mL) and pentafluorobenzaldehyde (7.0 mmol, 0.875 mL) with stirring. The mixture was heated to 100 ºC and pyrrole (28.3 mmol, 1.94 mL) was added slowly. The reaction was refluxed for three hours in the dark and allowed to cool. 300 mL silica was added to the reaction flask and the propionic acid was evaporated. The silica gel was washed with dichloromethane and acetone until no more color eluted. The solution was evaporated to 100 mL and washed with sodium bicarbonate and water, dried over anhydrous sodium sulfate and evaporated to dryness. The organic layer was then recrystallized from hexanes to yield a purple powder. The porphyrin mixture was filtered, dissolved in dichloromethane, loaded onto a 600 mL silica gel column and separated with an eluent of 30:70 toluene:petroleum ether (v/v). The fifth of the six bands was collected, evaporated and recrystallized from hexanes to yield 360 mg (0.511 mmol, 7.22% yield) of product MFP. 20-(2,3,4 ,5,6-pentafluorophenyl)porphyrinato zinc(II), ZnMFP. MFP (0.511 mmol, 0.360 g) was added to 20 mL of chloroform. Zinc acetate dihydrate (4.09 mmol, 0.897 g) was added to eight mL methanol. The methanol solution was added to the MFP in chloroform, and the mixture was refluxed for three hours. The mixture was washed with water, extracted into dichloromethane, dried over sodium sulfate, and evaporated to dry to yield mg 276 mg ZnMFP (76.67% yield).
5,10,15-triphenyl-

Dimer of 5,10,15-tripheynl-20-(4-perfluorophenyl)porphyrinato zinc(II) (1Zn). ZnMFP
(116 mg, 0.151 mmol) was added to dry DMF (16.6 mL) under a nitrogen atmosphere. To the stirring solution, 1,5-pentane-dithiol (0.23 ml, 1.7 mmol) was added followed by diisopropylethylamine (2.914 mL, 16.73 mmol). The reaction mixture was stirred at 80 ºC for 12 hours, cooled to room temperature, washed with water, extracted into dichloromethane, dried over sodium sulfate, and evaporated to dryness under reduced pressure. The crude product was purified by column chromatography to remove starting materials and recrystallized from hexanes to yield 95.37mg of 1Zn (yield 82.19%). 5,10,15-triphenyl-20-(2,3,4 ,5,6-pentafluorophenyl)porphyrin free base (1H). 1Zn (80 mg, 0.091 mmol) was added to dry chloroform (5 mL) under a nitrogen atmosphere. To the stirring solution concentrated HCl (0.5 mL, 20.43 mmol) was added dropwise. The mixture was stirred at room temperature for three hours. The reaction mixture was then washed with water, extracted into dichloromethane, dried over sodium sulfate, and evaporated to dry under reduced pressure. The crude product was recrystallized from hexanes to yield 75 mg of product 1H (yield 93.75%). 
Dimer of
Photophysics
UV-visible absorption spectroscopy was performed on a Cary 1-Bio UV-Visible spectrometer. Steady state fluorescence spectra were obtained on a HORIBA Jobin-Yvon FluoroLog-3 fluorometer, and singlet state lifetimes were taken using the SPEX-IBH TCSPC add-on component to the same system using a pulsed NanoLED laser at 425 nm. In order to minimize secondary absorption and emission, 1 mm path length quartz or optical glass cuvettes were used for all spectroscopic studies. The emission spectra and lifetimes were taken using a front-face configuration, which also helped to minimize these inner-filter effects. All photophysical studies were carried out in spectrophotometric grade 99.99% toluene, used as purchased. Solutions of diporphyrin species were prepared at one half the molar concentrations of the monomer controls in order to yield the equivalent macrocycle concentration for comparison.
UV-Visible Spectra
Figure S1: UV-visible spectrophotometric titration of C 60 into 1Zn solution. The inset shows the difference between the calculated sum of the absorbance of the two components at 423 nm and the experimentally observed absorbance for the mixed solutions, as function of the quencher concentration.
[1Zn] = 10.0 M; [C 60 ] = 0-0.33 mM. 
TEM
All data were collected at 200 kV on a Jeol 2100 Transmission Electron Microscope equipped with EDAX at the eucentric height to ensure reproducibility of measurements. An was placed on a 300 mesh carbon coated copper grid, (TED Pella Inc., Redding, California, USA), and allowed to dry for 1 minute. Since a carbon coated grid was used and carbon from C70 is present in the mixture, the Netcounts method (sample area minus control area)* (Jacopo Samson et al. Nanomaterials 2011, 1, 64-78) was not used so the x-ray scattered lines from the carbon coated copper grid and other metals in the background, show up in the spectrum (indicated by the Cu and W peaks). Zn signature from the metallic core of the porphyrin demonstrates that aggregates are not phase separated fullerene.
